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Disclaimer 
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SECTION  I 


1.0  PURPOSE 

The  purpose  of  this  program  is  to  provide  for  the 
production  of  two  separate  state-of-the-art  solid  state  devices. 
They  are  bipolar  microwave  power  transistors  with  integral  mono- 
lithic matching  networks  to  be  used  in  eunplifier  applications. 
These  devices  will  be  configured  in  such  a way  as  to  allow  the 
attachment  of  the  monolithic  trcuisistor  chip  directly  to  a metal 
heat  sink,  thus  eliminating  the  BeO  insulator  which  is  typically 
found  in  existing  microwave  power  transistor  packages. 

The  two  devices  to  be  produced  are  a 20W/2GHz  device 
auid  a 5W/4GHZ  device.  These  two  devices  are  to  operate  in  the  CW 
mode. 

Sufficient  quantity  of  these  devices  will  be  fabricated 
to  demonstrate  the  production  feasibility  of  the  basic  design  emd 
assembly  techniques. 
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SECTION  II 


TECHNICAL  NARRATIVE 

2.0  INTRODUCTION 

During  the  second  period  of  the  contract,  work  continued 
in  two  areas.  The  L-10  design  was  tooled  and  the  first  lot  started 
and  work  continued  on  SB-4000  processing. 

2.1  L-10  MASK  SET 

The  L-10  device.  Figure  1,  was  designed  amd  the  drawings 
were  svibinitted  for  tooling  during  the  first  period  of  work.  The 
time  required  for  tooling  the  set  was  approximately  six  weeks  so 
that  working  plates  were  received  halfway  through  this  reporting 
period.  Multilayer  epitaxial  material  had  been  previously  ordered 
amd  was  received  about  the  same  time  as  the  masks.  SRP  (spreading 
resistance  probe)  data.  Figure  2,  taken  on  a sample  of  the  silicon 
material  lot  indicated  that  much  of  the  material  was  unusedsle  due 
to  inadequate  resistivity  or  thickness  of  the  various  layers.  The 
spreading  resistemce  profile  of  a typical  sample  of  unusable  mater- 
ial and  acceptadsle  material  is  shown  in  Figure  2.  The  vertical 
scale  is  spreading  resistzmce  in  ohms,  which  is  converted  to  resis- 
tivity through  a computer  progreun  emd  correlation  to  resistivity 
standards.  Also,  all  of  the  wafers  had  a substantial  edge  crown  as 
a residue  of  the  epitaxial  process.  The  edge  crown.  Figure  3,  is  a 
0.5  to  3.0  mil  ridge  around  the  edge  of  the  wafer.  A crown  will 
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Figure  1.  L-10  Device  Layout 
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prevent  proper  mask  contact  during  subsequent  processing.  The  crown 
on  these  wafers  was  removed  by  a lapping  process  which  is  very  time 
consuming.  Deleterious  crowning  can  be  prevented  in  epitaxial 
growth  with  proper  pre-edge  rounding  prior  to  epitaxy  or  by  removal 
of  the  crown  on  a wafer  edge  grinder  after  epitaucial  growth.  Pres- 
ently, the  epitaxy  vendor  has  chosen  to  edge  round  the  substrate 
prior  to  epitaucial  growth  to  compensate  for  overgrowth. 

After  crown  removal  the  wafers  were  V-grooved  to  form  the 
isolated  regions,  Figure  4.  At  this  point  the  wafers  were  subjected 
to  analysis  by  a C-V  plot  technique.  Figure  5,  to  evaluate  the 
characteristics  of  the  PIN  isolation  layer.  It  was  found  that  char- 
acteristics of  the  isolation  can  vary  significantly  from  wafer  to 
wafer  amd  over  different  areat>  of  amy  given  wafer.  This  was  espe- 
cially evident  with  our  second  source  vendor,  whose  PIN  C-V  charac- 
teristics had  extreme  variation  across  the  wafers.  Subsequent  100% 
C-V  analysis  of  our  prime  source  vendor  V-grooved  wafers  does  not 
show  the  wide  variations.  However,  we  have  set  up  a test  sequence 
that  measures  the  device  collector  region  to  substrate  capacitance 
at  IV  and  lOV  and  BV  9 100  volts.  Acceptadjle  PIN  material  will 
have  a large  capacitance  at  OV  which  rapidly  decreases  at  IV  and 
becomes  independent  of  voltage  at  lOV  euid  greater  when  the  intrinsic 
layer  is  fully  depleted.  Unacceptable  material  will  not  exhibit  a 
rapid  decrease  of  capacitcuice  at  about  IV  and  will  continue  to  de- 
crease in  capacitcmce  as  the  voltage  is  increased  past  lOV.  This 
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indicates  a graded  intirinsic  layer  profile.  The  absolute  value  of 
the  capacitance  when  fully  depleted  indicates  the  thickness  of  the 
intrinsic  layer. 

The  first  lot  of  wafers  should  be  ready  for  test  in 
April,  barring  auiy  further  difficulties. 

2.2  L-10  PROCESS  DEFINITION 

A step  by  step  process  outline  of  the  process  necessary 
to  produce  the  L-10  device  is  shown  in  Figure  6.  This  outline 
shows  the  process  sequence  of  manufacturing  emd  inspection  opera- 
tions. At  each  step,  a critical  process  parcuneter  marked  with  a 
square  or  triangle  is  measured  and  recorded. 

2.3  PROGRESS  OF  4GHz  MATERIAL  SPECIFICATION 

Lot  BL-5  is  the  only  lot  of  SB-4000  dice  which  has 
reached  completion.  Lot  BL-4  was  scrapped  at  metal  auid  lot  CCL-1 
was  scrapped  at  emitter.  Lots  CCL-2,  -3,  -4  and  -5  are  still  in 
process.  Lot  BL-5  was  built  on  epitaxial  material  which  had  been 
back  diffused  in  order  to  reduce  the  thickness  of  the  epitaxial 
layer. 

An  analysis  of  the  resistivity  profile  was  done  using 
the  SRP.  This  profile.  Figure  7,  is  significeuit  in  that  the  dice 
from  BL-5  produced  the  same  saturated  power  and  efficiency  at  5GH2 
as  the  best  previous  devices.  We  feel  that  saturated  power  capa- 
bility is  very  dependent  on  proper  epitaxial  profile.  Since  the 
saturated  power  of  these  devices  is  good,  we  feel  that  this  profile  i 
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Figure  6.  Process  Flow  Chart  L-10  Circuits 


is  very  close  to  an  optimum.  Future  lots  of  SB-4000  devices  will 
be  processed  to  optimize  the  profile  to  provide  the  best  perfor- 
mcuice. 

Lot  BL-5,  however,  had  lower  gain  tham  desired  by  adjout 
2 to  3dB.  This  loss  in  gain  was  attributed  to  excessive  emitter 
ballasting,  2.25  times  desired.  The  performance  of  lot  BL-5  was 
1.2  - 1.3  watts  per  cell  saturated  power  at  a collector  efficiency 
of  23  to  24%  euid  a gain  of  4dB  at  5.0GHz.  At  4.0GHz  the  power 
output  of  the  device  increased  to  1.6  - 1.7  watts  per  cell  at  a 
collector  efficiency  of  31  - 32%  and  a gain  of  6dB. 


SECTION  III 


CONCLUSIONS 

3.0  L-10  PROCESSING 

Processing  of  the  L-10  design  is  proceeding,  although 
there  are  problems  in  the  control  of  the  growth  of  the  epit20cial 
material.  Excellent  material  had  been  received  in  the  initial 
R&D  work  for  NRL  Contract  #N000014-75-C-0405 , however,  this 
material  was  fabricated  by  our  engineers  using  facilities  no 
longer  availedjle  to  us.  Material  grown  by  present  vendors  with- 
out our  direct  supervision,  while  not  nearly  as  good,  is  accept- 
2d}le  to  continue  work  at  this  point  in  the  program. 

3.1  SB- 4 PROCESSING 

Processing  of  SB-4000  dice  to  optimize  the  collector 
material  specification  also  continued  in  order  to  demonstrate 
reproducibility.  Devices  produced  thus  far  have  shown  excellent 
collector  characteristics. 
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. SECTION  IV 


PROGRAM  FOR  THE  NEXT  INTERVAL 

4.0  The  effort  on  the  program  for  the  next  interval  will 

include  the  processing  of  L-10  devices.  The  first  lot  is  ex- 
pected in  mid-February.  Characterization  of  the  first  lot  will 
be  done  to  evaluate  its  performance  and  obtain  impedance  data 
for  the  network  design  phase. 

Work  will  be  completed  on  optimization  of  the  collector 
material  for  the  4GHz  devices,  and  design  of  the  monolithic  chip 
will  be  initiated. 


SECTION  V 


PUBLICATIONS,  REPORTS,  AND  CONFERENCES 


A Program  Review  meeting  was  held  on  November  17,  1977. 
Attendees  were  as  follows: 

Government 

Horst  Gerlach,  Harry  Diamond  Labs 
TRW 

David  Wood,  R&D  Manager 
Richard  Allison,  Program  Manager 
Bernie  Lindgren,  Program  Manager 
George  W.  Schreyer,  Program  Engineer 


A Program  Review  meeting  was  held  on  December  8,  1977. 
Attendees  were  as  follows; 

Government 
Jim  Kelly 
TRW 

Bernie  Lindgren,  Progr2un  Manager 

Monthly  Report  Nos.  4,  5,  and  6 were  submitted  during  this  quarter. 
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SECTION  VI 


IDENTIFICATION  OP  PERSONNEL 


NAME  HOURS 


Joseph  Courier 

60 

Alan  Harrington 

108 

C . C . Lee 

250 

Bernie  Lindgren 

« 

77 

Jim  Scheppele 

71 

George  Schreyer 

140 

George  Skelly 

83 

Framk  Bartel 

25 

Harold  Bjornson 

72 

Ella  Matthews 

70 

Norman  Nissen 

65 

Eugenia  Nunez 

177 

Irene  Wood 

65 

Stephanie  Wesche 

65 

Dorothy  May 

100 

Lois  Reed 

35 

Bob  Jenkins 

84 
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